SOMATOSTATIN (SRIF) is a neurohypophysial peptide which inhibits growth hormone (GH) secretion. There are at least two modes of SRIF action. One is the inhibition of intracellular cAMP production and the other the reduction in the intracellular Ca2+ concentration ([Ca2+]i). These two phenomena occur independently [7] . In human pituitary GH-producing cells, SRIF hyperpolarizes the membrane and thereby inhibits Ca2+-dependent spontaneous action potentials [22] . This membrane hyperpolarization is caused by a G-protein coupled K+ conductance increase [20, 23] . A similar membrane hyperpolarization or K+ conductance increase has been reported in primary cultured rat somatotrophs, and clonal rat GH cells [2, 6, 14] . The reduction in [Ca2li caused by SRIF appears to be ascribable to the inhibition of Ca2+ influx through voltage-gated channels during membrane hyperpolarization. However, direct evidence for this mechanism has not yet been shown. In the present experiment we recorded the membrane potential change caused by SRIF in human GH-producing pituitary tumor cells by means of the perforated whole cell clamp technique which prevents the wash-out of in-et al. These changes were consistently observed in cells obtained from both adenomas (11/12 in adenoma 1, 13/13 in adenoma 2). In the cell shown in Fig. 2 potentials were not observed (Fig. 4) 
Effect of SRIF on voltage-gated Ca2+ channel current
The effect of SRIF on the voltage-gated Ca2+ channel current was examined in adenoma 2. Figure 5A shows the inhibition of the voltage- current to 60% of the control. The current-voltage (I-V) relationships for the peak of Ba2+ currents before (triangles) and after (circles) SRIF application are shown in Fig. 5B . The membrane potential for the threshold, the peak, and the reversal of the Ba2+ current were almost the same in the two I-V relations. The record shown in Fig. 5 was the most prominent inhibition of the Ba2+ current caused by SRIF. When combined with data obtained in other experiments, 10-8M SRIF was found to reduce the peak of the maximum Ba2+ higher concentration of SRIF, further reduction in the Ba2+ current was not observed.
Discussion
In the present experiments the membrane potential and [Ca2+]i were simultaneously measured in human GH-producing pituitary adenoma cells. It was revealed that SRIF hyperpolarized the [2, 6, 14, 20, 22, 23] . A similar membrane hyperpolarization has been reported in neurons [4, 13] and atrial cells [10] . In these cells and the test potential was -23mV
. The extracellular medium was 3mM Ba2+ solution contained 142.5mM Cs+ ions. In the control record the amplitude of the Ba2+ current was 115pA and SRIF reduced the Ba2+ current to 69pA. B, the I-V relationship of the Ba2+ current before (triangles) and during 10-8M SRIF application (circles).
tion of Ca2+ -dependent action potential. However SRIF also reduces the Ca2+ influx in non-excitable cells [12] . We tried to examine the existence of additional mechanisms of SRIF that reduce [Ca2+]i other than membrane hyperpolarization. However no such mechanism could be detected in the present series of experiments. In excitable cells Ca2+ ions enter the cell mainly through voltagegated channels, whereas in non-excitable cells Ca2+ ions enter through voltage-independent channels, receptor-operated channels, or pumps. Although these mechanisms may also exist in excitable cells, in human GH-producing pituitary tumor cells the inhibition of Ca2+ -dependent action potentials by membrane hyperpolarization appears to be the major SRIF action to reduce In addition to the k+ conductance increase generating membrane hyperpolarization, it has been reported that SRIF reduces the voltage-gated Ca2+ channel current [16] . G-protein is also involved in this process. Wash-out may be a serious problem in recording voltage-gated Ca2+ channel current by means of the conventional whole cell clamp technique. Therefore in the present series of experiments the perforated whole cell clamp was used to study the effect of SRIF on voltagegated Ca2+ channels. SRIF reduced the voltagegated Ca2+ current to about 80% of the control. In rat GH4C1 cells the inhibition of the voltage-gated Ca2+ channel current to a similar degree has been reported when using the perforated whole cell clamp [18] . Membrane hyperpolarization caused by SRIF completely inhibited spontaneous action potentials and [Ca2+]i prominently decreased. It appears that [Ca2+] is much less affected by only 20% reduction in the voltage-gated Ca2+ channel current. Therefore it is considered that membrane hyperpolarization is the major cause of the reduction in [Ca2+]i, at least in rat GH4C1 cells and human GH-producing cells.
In permealized ACTH-producing cells and islet considered that SRIF inhibits the fusion of hormone-containing granules to the plasma membrane. This effect is mediated through G protein and is independent of the reduction in intracellular cAMP or Ca2+. In human GH-producing cells , the influx through the voltage-gated Ca2+ channel current was closely correlated to hormone secretion [21] . Therefore membrane hyperpolarization should be involved in the inhibition of hormone secretion by SRIF. The inhibition of exocytosis appears to account for the SRIF-induced inhibition of hormone release observed in the case of high K+ and ionophore-stimulated hormone secretion [8, 11, 17] . In about 20% of recording cells no spontaneous action potentials were observed. We seeded cells on cover slips in the present experiments. When cells were seeded on 35-mm culture dishes, spontaneous action potentials were more frequently observed (>90%, data not shown). Because voltage-gated Na+, Ca2+ , and K+ channels were present in addition to somatostatin-induced channels in both conditions, less frequently observed spontaneous action potentials may be ascribed to the culture conditions in the present experiment.
